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(54) Motor control device 



i (57) In an arrangement having an electric power in- 
verter (3) which applies a voltage to an AC motor (1) 
and a control unit (4) which calculates a voltage com- 
mand value applied in PWM signals, detection use volt- 
ages Vup, Vvp and Vwp are applied in synchronism with 
PWM signal generation use carrier waves in the control 
unit (4) as well as motor currents iv and iv are detected 
in response to current detection pulses Pd in synchro- 
nism therewith. In a magnetic pole position detection 
unit (12), counter electromotive forces of the synchro- 



nous motor (1) are estimated from a relationship be- 
tween the detection use voltages Vup, Vvp and Vwp and 
current difference vectors of the motor current to deter- 
mine a magnetic pole position 9 through calculation. The 
determined magnetic pole position 0 is inputted to coor- 
dinate conversion units (8, 11) and a motor speed de- 
tection unit (1 3). Thereby, a motor control device having 
a control characteristic of a good response property with 
no magnetic pole position sensor is provided for a con- 
trol system of a synchronous motor. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

[0001] The present invention relates to a motor con- 
trol device which controls a synchronous motor includ- 
ing a reluctance motor with a high performance, and, in 
particular, relates to a motor control device which per- 
forms the control with a sensorless manner. 

2. CONVENTIONAL ART 

[0002] In order to control such as speed and torque 
of a synchronous motor, it is necessary to detect or es- 
timate its magnetic pole position. Thus, such as speed 
and torque of the synchronous motor can be controlled 
by performing a current control or a voltage control 
thereof based on the detected magnetic pole position. 
[0003] Recently, methods of controlling a synchro- 
nous motor with no magnetic pole position sensor has 
been proposed. 

[0004] A first method thereof is disclosed, for exam- 
ple, in JP-A-7-245981 (1 995) and in a paper No.1 70 at 
Heisei 8th National Meeting of industrial Application Di- 
vision for Japan Electrical Engineering's Society, which 
relates to a method of estimating the magnetic pole po- 
sition based on a parallel motor current component and 
an orthogonal motor current component (current com- 
ponents in rotary coordinate system) in response to AC 
voltage application, and is characterized in that the de- 
tection of a magnetic pole position at a standstill and 
during a low speed rotation of the motor can be realized 
without using a magnetic pole position sensor. 
[0005] A second method of superposing an additional 
voltage is disclosed, for example, in JP-A-1 1-1 50983 
(1999) and JP-A-1 1-69884 (1999) in which method an 
additional voltage is applied so as to prevent magnetic 
flux saturation even in a high torque region, thereby, 
sensorless detection of a magnetic pole position is re- 
alized in a range from a low load to a heavy load at a 
standstill or during a low speed rotation. 
[0006] Further, a third method is, for example, dis- 
closed in JP-A-8-205578 (1996) in which a salient pole 
property of a synchronous motor is detected from a cor- 
relation between a voltage vector applied to the syn- 
chronous motor through a pulse width modulation con- 
trol (PWM control) and a motor current ripple component 
(in vector amount) corresponding thereto. Further, since 
the third method utilizes usual PWM signals for control- 
ling the synchronous motor, an advantage is obtained 
that no additional signals for the detection is required. 
[0007] However, when detecting the magnetic pole 
position with the first method while driving the motor, it 
is necessary to extract a current having the same fre- 
quency component as that of an AC voltage used for the 
detection through such as a band pass filter using a 



notch filter and a Fourier integration. In particular, when 
the motor rpm increases, separation between motor in- 
put frequencies and AC voltage frequencies used for the 
detection becomes difficult, thus, a problem is posed 

5 that a stable motor drive at a high rpm is difficult. Further, 
the method requires a measure so as not to be affected 
by the switching characteristic of the invertor concerned. 
Namely, in contrast to the carrier wave frequencies of 
PWM signals which are from several kHz to 20kHz, the 

to frequencies of the AC voltage used for the detection are 
low at about several 1 00Hz, therefore, noises of several 
100Hz may be generated when the motor is driving. 
[0008] The second method is intended to improve 
performance when the motor is driven from a standstill 

is condition or at a low speed rotating condition, however, 
the timing of current detection and the relation with the 
PWM signals which become important for a high speed 
drive of the motor are not disclosed as well as no meas- 
ures for realizing the position detection with a high ac- 

20 curacy are disclosed. 

[0009] Further, in order to realize the third method it 
is necessary to detect correlation between the motor 
current condition and the applied voltage every time 
when the PWM signals vary. Namely, it is the base re- 

25 quirement that the detection of the motor current condi- 
tion and recognition of the applied voltage condition 
have to be performed at least six times for every one 
cycle of the carrier waves which requires a high perform- 
ance controller. 

30 

SUMMARY OF THE INVENTION 

[001 0] A first object of the present invention is to pro- 
vide a motor control device which estimates a magnetic 

35 detection of motor current over a broad range from a 
standstill condition to a high speed rotating condition 
while using a non-expensive controller and controls a 
synchronous motor including a reluctance motor with a 
high response characteristic and which can compen- 

40 sate a current follow-up property based on counter elec- 
tromotive force information even if the motor speed var- 
ies. 

[0011] According to the present invention, a motor 
control device is provided with an AC motor, an electric 

45 power inverter which applies a voltage to the AC motor 
and a control unit which controls the applied voltage with 
PWM signals in synchronism with carrier waves, where- 
in a magnetic pole position on a rotor of the AC motor 
is estimated through detection of current in the AC motor 

so jn synchronism with the carrier waves. For example, in 
a synchronous motor having a salient characteristic a 
current In the motor is detected while varying the applied 
voltage for every half cycle of the carrier waves and a 
current difference vector (a vector in static coordinate 

55 system) for the every half cycle is determined. Subse- 
quently difference of twice current difference vectors 
(hereinbelow called as current difference difference 
vector) and difference corresponding to twice applied 
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voltage vectors (hereinbelow called as voltage differ- 
ence vector) are calculated, and the applied voltage 
(voltage difference vector) is controlled so that the 
phase difference thereof assumes 0. When the phase 
difference is rendered 0 with the above method, the 5 
phase of the voltage difference vector assumes the di- 
rection (d-axis) of the magnetic pole position, thereby, 
a magnetic pole position sensorless control can be re- 
alized. Since the change of the applied voltage is per- 
formed for every half cycle of the carrier waves, only the 10 
phase of the PWM signals is shifted which prevents gen- 
eration of noises. Further, since the current is detected 
in synchronism with the carrier waves, the average val- 
ues of the applied voltages for respective phases are 
accurately recognized which provides a characteristic is 
that the relation between the applied voltage and the 
current difference can be detected in a short time rep- 
resented by the carrier wave cycle. For this reason, the 
present invention is effective for sensorless approach in 
a field of motor control requiring a high response prop- 20 
erty. 

[0012] Further, through the use of information on the 
current difference vector the counter electromotive force 
of the synchronous motor can be detected accurately. 
By making use of the thus detected counter electromo- 25 
tive force a counter electromotive force compensation 
in the current control system is effected, thereby, a con- 
trol system having a good current follow-up property is 
constituted in comparison with the conventional com- 
pensation of counter electromotive force which was es- 30 
timated from the speed. 

[0013] Through the detection of current in synchro- 
nism with the carrier wave cycle, the inventers found out 
a variety of methods of detecting the magnetic pole po- 
sition other than the above explained which will be ex- 35 
plained below in detail. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 40 

Fig. 1 is a system diagram showing one embodi- 
ment to which the present invention is applied which 
detects a magnetic pole position of a synchronous 
motor by detecting current variation in the synchro- 45 
nous motor in synchronism with carrier waves for 
generating PWM signals; 

Fig. 2 is a time chart showing a relationship between 
carrier waves when generating conventional PWM 
signals and the PWM signals; so 
Fig. 3 is a time chart showing a relationship between 
three phase voltage command values, carrier wave 
signals and PWM signals for detecting current dif- 
ference values under three phase short circuit con- 
dition, and a timing of current sampling according ss 
to the present invention; 

Fig. 4 is a flowchart showing a calculation method 
for detecting a magnetic pole position in Fig. 1 em- 



bodiment; 

Fig. 5 is a control block diagram showing a modifi- 
cation of a magnetic pole position detection unit 12 
in Fig. 1 embodiment; 

Figs. 6A through 6D are current and voltage vector 
diagrams of a synchronous motor for explaining the 
principle of magnetic pole position detection in Fig. 
5 modification; 

Fig. 7 is a control block diagram showing another 
modification of a magnetic pole position detection 
unit 12 in Fig. 1 embodiment which permits selec- 
tion of a proper calculation method depending on a 
motor speed; 

Fig. 8 is a flowchart showing processing contents 
performed in a second magnetic pole position esti- 
mation unit 20 in Fig. 7 modification; 
Figs. 9A through 9C are current and voltage vector 
diagrams of a synchronous motor explaining a prin- 
ciple of magnetic pole position detection performed 
in the second magnetic pole position estimation unit 
20 as shown in Fig. 7; 

Fig. 1 0 is a block diagram of a magnetic pole posi- 
tion sensorless control system for a synchronous 
motor in which calculation method of magnetic pole 
position detection is simplified by varying d-axis 
voltage command; 

Fig. 11 is a block diagram of a magnetic pole posi- 
tion sensorless control system for a synchronous 
motor in which a magnetic pole position is estimated 
by - detecting a counter electromotive force while 
varying the magnitude of voltage command value 
under in-phase condition; 

Fig. 12 is a flowchart for explaining processings per- 
formed in a magnetic pole position estimation unit 
30 in Fig. 11 embodiment; 

Figs. 13A through 13D are voltage and current dif- 
ference vector diagrams for a synchronous motor 
for explaining a principle performed in Fig. 11 em- 
bodiment; 

Fig. 14 is a control block diagram representing still 
another embodiment according to the present em- 
bodiment in which a characteristic of current control 
system is improved by detecting a counter electro- 
motive force accurately; 

Fig. 15 is a block diagram showing processing con- 
tents performed in a current control unit 7 in Fig. 1 4 
embodiment; 

Fig. 1 6 is a block diagram showing processing con- 
tents performed in a counter electromotive force de- 
tection unit 51 in Fig. 15 embodiment; 
Fig. 1 7 is a block diagram of a motor control system 
representing a further embodiment according to the 
present invention in which a characteristic at a mo- 
ment of motor speed sudden change is improved 
better than a conventional current control without 
using a magnetic pole position sensor; 
Fig. 18 is a block diagram of a current control unit 
7 in Fig. 1 7 embodiment for explaining a calculation 
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method performed therein; and 
Fig. 19 is a block diagram of a magnetic pole posi- 
tion estimation unit 44 in Fig. 1 7 embodiment. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0015] Hereinbelow, an embodiment of the present in- 
vention will be explained with reference to Fig. 1. The 
present embodiment relates to a method in which a 
magnetic pole position is detected by making use of a 
counter electromotive force of a synchronous motor 1 . 
[001 6] Fig. 1 is a block diagram of a motor control sys- 
tem in which the synchronous motor 1 is driven with DC 
energy from a battery 2. A DC voltage of the battery 2 
is inverted by an inverter 3 into three phase AC voltage 
which is applied to the synchronous motor 1 . The ap- 
plied voltage is determined by a controller 4 after per- 
forming the following calculation. At first, in a current 
command value generating unit 6 d-axis current com- 
mand value idr and q-axis current command value iqr 
are determined with respect to a torque command value 
xr to be generated by the motor 1 . Herein, d-axis desig- 
nates the direction of magnetic pole position (magnetic 
fluxes) and q-axis designates the direction electrically 
orthogonal to the d-axis and with both of which d-q axis 
coordinate system is constituted. In the synchronous 
motor 1 , the ratio of idr and iqr can be varied under the 
condition of the same motor speed co and the same mo- 
tor torque t being generated, although motor loss there- 
of varies. Therefore, when a motor speed a> is inputted 
to the current command value generating unit 6, opti- 
mum idr and iqr which show a minimum motor loss with 
respect to a torque command value xr are designed to 
be outputted. Further, the motor speed w is detected in 
a speed detection unit 13 based on a variation amount 
of magnetic pole position 6 which will be explained later. 
[0017] When a rotor with a magnet rotates, the d-q 
axis coordinate system also rotates, therefore, the 
phase from the static coordinate system (a-p axis coor- 
dinate system) is assumed as 6. Namely, the object of 
the present embodiment is to detect the phase 6 of the 
magnetic pole (hereinbelow called as magnetic pole po- 
sition 8) from a current. If d-axis current and q-axis cur- 
rent can be controlled in an alignment with the command 
values, the synchronous motor 1 can generate a torque 
to meet with the command value xr. Further, the torque 
command value xr is either commanded directly as illus- 
trated or may be commanded from a speed control cal- 
culation circuit (not shown). 

[0018] Further, U phase current iu and V phase cur- 
rent iv detected by current sensors 5u and 5v are sam- 
pled in a current detection unit 1 0 at the timing of current 
detection pulses pd which will be explained later, and 
are converted into d-axis current id and q-axis current 
iq in d-q axis coordinate system at a coordinate conver- 
sion unit 11. In the present embodiment, currents de- 
tected in the current detection unit 1 0 are two phase cur- 
rents iu and iv for U and V phases, because current iw 



can be determined from iu and iv, the detection of W 
phase current iw is omitted. However, the present inven- 
tion is of course applicable when all of the three phase 
currents are detected. In a current control unit 7, d-axis 

s current deviation between d-axis current command val- 
ue idr and d-axis current id and q-axis current deviation 
between q-axis current command value iqr and q-axis 
current iq are calculated, and d-axis voltage command 
value Vds and q-axis voltage command value Vqs for 

10 the respective current deviation are obtained through 
proportion and integration control calculation. Further, 
as a control method of compensating counter electro- 
motive force a method of performing a noninterfering 
control making use of motor speed co has also been pro- 

15 posed. In a coordinate conversion unit 8 to which d-axis 
voltage command value Vds and q-axis voltage com- 
mand value Vqs are inputted, three phase voltage com- 
mand value Vus, Vvs and Vws for the static coordinate 
system are calculated according to magnetic pole posi- 

20 tion 8. The three phase voltage command values are 
respectively added to detection use voltage command 
values Vup, Vvp and Vwp outputted from a magnetic 
pole position detection unit 12 which will be explained 
later, and are inputted to a PWM signal generating unit 

25 9. Through calculation in the PWM signal generating 
unit 9 three phase PWM pulses Pup, Pvp, Pwp, Pun, 
Pvn and Pwn are outputted to the inverter 3. Thereby, a 
voltage to be applied to the synchronous motor 1 is de- 
termined. 

30 [001 9] Processing contents of the PWM signal gener- 
ating unit 9 when the detection use voltage command 
values are Vup=Vvp=Pwp=0 will be explained. Through 
comparison of the waveforms of the respective phase 
voltage command values Vur, Vvr and Vwr with saw 
35 teeth carrier waves, the three phase PWM pulses Pup, 
Pvp and Pwp can be obtained. Further, when a short 
circuiting prevention period is neglected, the PWM puls- 
es Pun, Pvn and Pwn are respectively inversions of Pup, 
Pvp and Pwp, therefore, an explanation on the PWM 
40 pulses Pun, Pvn and Pwn is omitted. When duty of a 
PWM pulse exceeds over 50%, the average output volt- 
age thereof assumes 0 or a positive value and when the 
duty is below 50%, the average output voltage assumes 
a negative value. In Fig. 2, the voltage command values 
45 Vur, Vvr and Vwr are renewed at the time when the car- 
rier waves assume their maximum values (for example, 
at time t(2n), t(2n+2)). The PWM pulses Pup, Pvp and 
Pwp between times t(2n) and t(2n+2) show respectively 
symmetric shapes with respect to time t(2n+1), there- 
to fore, the average values of the applied voltages for the 
respective phase from time t(2n) to time t(2n+2) are 
equal to those from time t(2n+1 ) to time t(2n+2). 
[0020] Now the magnetic pole position detection unit 
12 which is one of important elements in Fig. 1 embod- 
55 iment will be explained. The magnetic pole position de- 
tection unit 12 is inputted of the U phase current iu and 
the V phase current Iv and output the detection use volt- 
age command values Vup, Vvp and Vwp according to 
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flowchart as shown in Fig. 4 as well as calculates the 
magnetic pole position 6 based on iu and iv, A process- 
ing method performed in the magnetic pole position de- 
tection unit 12 will be explained with reference to Fig. 4. 
At step 1 01 , as detection use voltage command values 
Vup(2n), Vvp(2n) and Vwp(2n) from time t(2n) to time t 
(2n+1), -Vus(2n), -Vvs(2n) and -Vws(2n) are outputted 
(wherein n is an integer). It is designed that at timet(2n) 
these values are automatically set and the voltage com- 
mand values Vur, Vvr and Vwr for respective phases 
from time t{2n) to time t(2n+1) assume respectively 0. 
More specifically, the voltage command values in time 
periods t(2n)— t(2n+1 ) and t(2n+2)~ t(2n+3) in the time 
chart as shown in Fig. 3 assume 0. Subsequently, at 
step 103 currents iu(2n) and iv(2n) at time t(2n) are in- 
putted. In Fig. 3, in synchronism with the leading edge 
of current detection pulses Pd which are generated at 
times t(2n) and t(2n+2), the detected currents are input- 
ted. At step 1 04, as the detection use voltage command 
values Vup(2n+1 ), Vvp(2n+1 ) and Vwp(2n+1 ) from time 
t(2n+1) to time t(2n+2), Vus(2n), Vvs(2n) and Vws(2n) 
are respectively outputted. In Fig. 3 t it is implied that the 
voltage command values in the time period t(2n+1)~ t 
(2n+2) are respectively 2Vus(2n), 2Vvs(2n) and 2Vws 
(2n). When performing these controls, average values 
of the voltage command values in the time period t(2n) 
— t(2n+2) assume Vus( 2n), Vvs(2n) and Vws(2n), and 
it is obtained that although the phases of the PWM puls- 
es Pup, Pvp and Pwp vary from those in Fig. 2, but the 
pulse widths thereof are equal to those in Fig. 2. Namely, 
it is equivalent that a control of shifting phases of the 
PWM pulses is performed. Although the detection use 
voltage command values are added, the present em- 
bodiment shows a characteristic that no substantial in- 
fluence is affected to the current control performance. 
Further, there was a problem conventionally that when 
detection use AC voltage is applied, noises are gener- 
ated, however, since the detection use voltage com- 
mand values are controlled for every half cycle of the 
carrier waves in synchronism therewith, the present em- 
bodiment shows a characteristic that no noises exceed- 
ing those caused by the normal PWM switching are gen- 
erated. 

[0021] At step 1 06, currents iu(2n+1 ) and iv(2n+1 ) at 
timet(2n+1 ) are inputted. Subsequently, at step 107 var- 
iation amounts of respective phase currents iu(2n+ 1)- 
iu(2n), iv(2n+1)-iv(2n), namely current difference values 
Aiu(2n) and Aiv(2n) from time t(2n) to time (2n+1) are 
determined. At the subsequent step 108, phase 6q of 
the current difference vector Ai(2n) is obtained from the 
current difference values Aiu(2n) and Aiv(2n). The ap- 
plied voltages at time period t(2n)M(2n+1 ) are the same 
for the respective phases, in that assume zero voltage 
vector state. Herein, it is assumed that a current differ- 
ence vector Ai(2n) of the synchronous motor 1 varies by 
its counter electromotive force, the phase of the current 
difference vector Ai(2n) assumes in negative direction 
in q-axis. Accordingly, the phase advanced by n/2 [rad] 



with respect to the phase Gq of the current difference 
vector Ai corresponds to the magnetic pole position, 
therefore, at step 109, the magnetic pole position 9 is 
determined by adding n/2 [rad] to the phase 8q. Namely, 

5 through the control of shifting the respective PWM puls- 
es the magnetic pole position detection can be realized 
only with the current changes in the half cycle of the car- 
rier waves, therefore, the advantages that the magnetic 
pole position is rapidly detected without increasing nois- 

10 es. Further, it is unnecessary to use motor parameters 
including those of a synchronous motor having a salient 
pole characteristic, therefore, a further advantage that 
the magnetic pole position can be detected further ac- 
curately. Still further, when it is required to take into ac- 

15 count of a dead time, the applied voltage can be adjust- 
ed so to assume zero voltage vector depending on the 
current directions of the respective phases. 
[0022] Fig. 5 is a modification of the magnetic pole 
position detection unit 12 which is effective when a syn- 

20 chronous motor 1 has an inverted salient pole charac- 
teristic (which implies that d-axis inductance is smaller 
than q-axis inductance). The magnetic pole position de- 
tection unit 1 2 as shown in Fig. 5 is constituted by a cur- 
rent difference calculation unit 14, a current difference 

25 difference vector phase calculation unit 15, a magnetic 
pole position estimation unit 1 6 and a detection use volt- 
age generation unit 1 7. At first, in the-detection use volt- 
age generation unit 17 the detection use voltage com- 
mand values Vup(2n), Vvp(2n) and Vwp(2n) from time 

30 t(2n) to time t(2n+1 ) are calculated according to the fol- 
lowing equations (1)~(3) and the calculation results are 
outputted therefrom; 

35 Vup(2n)=V0cos(6vp(2n)) (1) 



Vvp(2n)=V0cos(evp(2n)+27t/3) (2) 

40 

Vwp(2n)=VOcos(0vp(2n)+47c/3) (3) 

wherein, 6vp(2n) is an output at time t(2n) from the mag- 
netic pole position estimation unit 16. Accordingly, the 

45 vector phase of the detection use voltage command val- 
ue is 8vp(2n). Subsequently, the detection use voltage 
command values Vup(2n+1), Vvp(2n+1) and Vwp 
(2n+1 ) from time t(2n+1 ) to time t(2n+2) are calculated 
according to the following equations (4) ~(6) and the cal- 

so culation results are outputted from the detection use 
voltage generation unit 17; 

Vup(2n+1 )=V0cos(6vp(2n)+3i) (4) 

55 

Vvp(2n-M )=V0cos(6vp(2n)+57i/3) (5) 



9 



EP 1 107 448 A2 



10 



Vwp(2n+1 )=V0cos(6 vp(2n)+ n/3) (6) 

[0023] The vector phase of the detection use voltage 
command value at this instance is 6vp(2n)+7c, namely 5 
directs to the opposite direction as the vector phase of 
the detection use voltage command value from time t 
(2n) to time t(2n+1). 

[0024] In the current difference calculation unit 14, 
current difference values Aiu(2n) and Aiv(2n) from time 
2(2n) to time t(2n+1 ) are respectively calculated from 
the currents iu(2n) and iv(2n) at time t(2n) and the cur- 
rents iu{2n+1) and iv(2n+1) at time t(2n+1), and a cur- 
rent difference vector Aia(2n) is determined according 
to these calculated values. Further, current difference 
values Aiu(2n+1) and Aiv(2n+1) from time t(2n+1) to 
time t(2n+2) are calculated from currents iu(2n+1) and 
iv(2n-i-1 ) at time t(2n+1 ) and currents iu(2n+2) and iv 
(2n+2) at time t(2n+2) and the current difference vector 
Aib(2n+1) is determined according to these calculated 
values. The difference between the current difference 
vector Aib(2n+1 ) and the current difference vector Aia 
(2n) is the current difference difference vector AAi(2n), 
and its phase 8ip(2n) is calculated In the current differ- 
ence difference vector phase calculation unit 15. It is to 
be noted that both the current difference vector and the 
current difference difference vector are values in the 
static coordinate system of which importance will be ex- 
plained later. 

[0025] The magnetic pole position estimation unit 16 
performs a control so as to make the vector phase 6vp 
(2n) of the detection use voltage command value come 
close to the phase 0ip(2n) of the current difference dif- 
ference vector AAi(2n). Through this control when the 
phase 6 ip stably coincides with the phase Ovp, the 
phase Gvp assumes d-axis, namely corresponds to the 
magnetic pole position 6. Further, if the phase of d-axis 
varies more than several times during one cycle of the 
carrier waves (namely, in a case that the motor speed 
a) is high), a control of correcting the phase depending 
on motor speed g> is performed. 
[0026] The control performed in Fig. 5 modification 
will be explained with reference to vector diagrams as 
shown in Figs. 6A through 6D. Fig. 6 A shows the state 
of current difference vector when only the three phase 
voltage command values Vus, Vvs and Vws outputted 
from the coordinate conversion unit 8 are applied to the 
synchronous motor 1 , in that the voltage vector Vs(2n) 
from time t(2n) to time t(2n+2) corresponds to the three 
phase voltage command values Vus, Vvs and Vws. The 
current difference vector Ai(2n) is a vector sum of a first 
current difference vector Aivs(2n), a second current dif- 
ference vector Ai<J)(2n) and a third current difference vec- 
tor Aii(2n) of which component are respectively affected 
by the voltage vector Vs{ 2n), the counter electromotive 
force vector -jax|>(2n) and the current vector i(2n). The 
second current differential vector Ai<j>(2n) assumes the 
same phase as the counter electromotive force vector 



-jox}> (2n) regardless to whether or not the synchronous 
motor 1 shows a salient pole characteristic (including a 
reverse salient pole characteristic). Further, when the 
interval from time t(2n) to time t(2n+1 ) is short in com- 
parison with the time constant of the circuit in the syn- 
chronous motor 1 , the third current difference vector Aii 
(2n) is small in comparison with other current difference 
vectors and can be assumed as 0. When the phase of 
the voltage vector Vs(2n) is neither directed to d-axis 
direction nor to q-axis direction, the phase of the first 
current differential vector Aivs(2n) does not coincide 
with the phase of the voltage vector Vs(2n) due to the 
salient pole characteristic of the synchronous motor 1 . 
As has been explained hitherto, since the current differ- 
ence vector Ai(2n) is affected by the voltage vector Vs 
( 2n) and the counter electromotive force vector -jaxj> 
(2n), it is difficult to detect the magnetic pole position 
under this condition. 

[0027] Therefore, during the time from t(2n) to t(2n+1 ) 
Va(2n) representing a vector sum of the voltage vector 
Vs(2n) and the detection use voltage vector Vp(2n) is 
applied as shown in the vector diagram in Fig. 6B. The 
detected current difference vector Aia(2n) represents 
the vector sum of the current difference vector Aivp(2n) 
induced by the detection use voltage vector Vp(2n) and 
the current difference vector Ai( 2n) as shown in Fig. 6A. 
During the following interval from time t(2n+1 ) to time t 
(2n+2) Vb(2n+1) representing a vector sum of the volt- 
age vector Vs(2n) and the detection use voltage vector 
Vp(2n+1) is applied as shown in Fig. 6C. Herein as the 
detection use voltage vector Vp(2n+1) a vector satisfy- 
ing the following equation is provided; 

Vp(2n+1)=-Vp(2n) (7) 

[0028] In this instance, the detected current difference 
vector Aib(2n+1 ) represents a vector sum of the current 
difference vector Aivp(2n+1) induced by the detection 
use voltage vector Vp(2n+1) and the current difference 
vector Ai(2n+1 ) as shown in Fig, 6A. When magnetic 
fluxes of the synchronous motor 1 are not saturated, 
Aivp(2n+1 ) satisfies the following relationship; 

Aivp(2n+1 )=-Aivp(2n) (8) 

[0029] Further, during the interval from time t(2n) to 
time t(2n+2) when the motor speed is in a range that the 
rotation phase of the magnetic pole of the synchronous 
motor 1 can be treated small, Ai(2n+1) in Fig. 6C sub- 
stantially coincides with Ai(2n) in Fig. 6B. 
[0030] With reference to Fig. 6D, detection of the cur- 
rent difference vector Aia(2n) from time t(2n) to time t 
(2n+1 ) and the current difference vector Aib( 2n+1 ) from 
time t(2n+1 ) to time t(2n+2) and the purpose of obtaining 
the current difference difference vector AAi(2n) repre- 
senting the difference therebetween will be explained. 
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In view of the relationships shown in Figs. 6B and 6C, it 
is understood that the difference between Aia(2n) and 
Aib(2n+1 ), namely the current difference difference vec- 
tor AAi(2n) assumes 2Aivp(2n). As has been explained 
previously, Aivp(2n) is a component induced by applying 
the detection use voltage vector Vp(2n). Herein, it is as- 
sumed that the phases of Vp(2n) and Aivp(2n) are re- 
spectively 8vp(2n) and 6ip(2n). For a synchronous mo- 
tor 1 having an inverted salient pole characteristic only 
when 6vp(2n) coincides with either d-axis, 6vp(2n) co- 
incides with 6ip(2n). When 8vp(2n) does not coincide 
with 6ip(2n), AAi(2n) (herein, indicated as 2Aivp) is 
placed closerto d-axis than Vp(2n) as shown in Fig. 6D. 
Therefore, as explained in connection with the magnetic 
pole position estimation unit 1 6 as shown in Fig. 5, when 
the control of shifting 6vp(2n) close to 0ip(2n) is per- 
formed, the 0vp(2n) stabilizes at d-axis. Further, wheth- 
er positive or negative direction in d-axis can be esti- 
mated with reference to the counter electromotive force 
direction. When performing the above explained control, 
a torque control or a speed control of the synchronous 
motor having an inverted salient pole characteristic can 
be performed from a standstill condition to a high speed 
rotation with no magnetic pole position sensor. Moreo- 
ver, since the magnetic pole position can be detected 
within one cycle of the carrier waves, it is possible to 
obtain substantially the same degree of response char- 
acteristic as when a magnetic pole position sensor is 
installed. Further, with regard to a synchronous motor 
having a salient pole characteristic other than the invert- 
ed salient pole characteristic the sensoriess control can 
be performed on the same principle. 
[0031] Fig. 7 is another embodiment of the synchro- 
nous motor control which permits to select one of a plu- 
rality of methods of detecting a magnetic pole position 
with no magnetic pole position sensor depending on mo- 
tor speed co. In the present embodiment, the overall mo- 
tor control structure is the same as Fig. 1 embodiment, 
however, the structure of the magnetic pole position de- 
tection unit 12 is modified from those in Figs. 1 and 5. 
[0032] Fig. 7 shows a block diagram of the magnetic 
pole position detection unit 12 which is constituted by a 
current difference calculation unit 14, a first magnetic 
pole position detection unit 19, a second magnetic pole 
position detection unit 20, a third magnetic pole position 
detection unit 21 and a calculation method change-over 
unit 18. The current difference calculation unit 14 per- 
forms the calculation as explained in Fig. 5 modification. 
Likely, in the first magnetic pole position detection unit 
1 9 the calculation as explained in connection with Fig. 
5 embodiment is performed. Namely, the principle of 
magnetic pole position estimation by this calculation 
makes use of the current variation in relation to the sa- 
lient pole characteristic (or the inverted salient pole 
characteristic) of the synchronous motor 1 , the magnetic 
pole position detection can be performed from the 
standstill condition to a medium speed region of the syn- 
chronous motor with this calculation method. 



[0033] On the other hand, the second magnetic pole 
position detection unit 20 relates to a method of extract- 
ing the current difference vector due to the counter elec- 
tromotive force from information on the applied voltage. 

5 The present method is effective for a motor speed range 
from a medium speed to a high speed. 
[0034] Further, the third magnetic pole position detec- 
tion unit 21 relates to an estimation method which 
makes use of a current difference vector caused by 

10 magnetic flux rotation without varying the applied volt- 
age, the present method is particularly effective for mag- 
netic pole position detection at the time of high speed 
rotation of the motor. 

[0035] Now, at first the second magnetic pole position 

is calculation unit 20 will be explained, which is constituted 
by an in-short circuit current difference phase calcula- 
tion unit 22, a magnetic pole position estimation unit 23 
and detection use voltage generation unit 24. The in- 
short circuit current difference phase calculation unit 22 

20 calculates the phase of the counter electromotive force 
and estimates the magnetic pole position through per- 
forming the calculation as shown in Fig. 8 flowchart. 
Figs. 9A through 9C vector diagrams of current and volt- 
age at this instance. At step 110 in Fig. 8, current differ- 

25 ence vectors Aia(2n) and Aib(2n+1) are inputted. Aia 
(2n) is the current difference vector, when a voltage Va 
(2n) is applied during interval t(2n) — t(2n+1). Like the 
vector diagram as has been explained in connection 
with Fig. 6B, Va(2n) is a vector sum of the voltage vector 

30 Vs(2n) and the detection use voltage vector Vp(2n) of 
which relationship is shown in Fig. 9A. Likely, Aib(2n+1) 
is a current difference vector, when voltage Vb(2n) is 
applied during interval t(2n+1)~ t(2n+2). The applied 
voltage Vb(2n+1 ) at this instance is a vector sum of the 

35 voltage vector Vs(2n) and the detection use voltage vec- 
tor -Vp(2n) of which relationship is shown in Fig. 9B. At 
the subsequent step 1 1 1 , a current difference vector Ai<j> 
(2n) due to a counter electromotive force is calculated 
from a vector coordinate defined by two crossing 

40 straight lines, one running in parallel with the applied 
voltage Va(2n) and passing on the apex of Aia(2n) and 
the other running in parallel with the applied voltage Vb 
(2n+1) and passing on the apex of Aib(2n+1 ), of which 
implication will be explained with reference to Fig. 9C. 

45 When the inverted salient pole characteristic is small, a 
current difference component Aiaq(2n) among the cur- 
rent difference vector Ala(2n) which is orthogonal to the 
applied voltage Va(2n) is hardly affected by the applied 
voltage Va(2n). Namely, Aiaq(2n) can be treated mostly 

so as a component of the current difference vector Ai()>(2n) 
due to the counter electromotive force. Likely, the cur- 
rent difference component Aibq(2n+1) among the cur- 
rent difference vector Aib(2n+1) which is orthogonal to 
the applied voltage Vb(2n+1) is hardly affected by the 

55 applied voltage Vb(2n+1 ), and can be treated mostly as 
a component of the current difference vector Ai$(2n) due 
to the counter electromotive force. In other words, a 
component of the current difference vector Ai<|>(2n) 
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which is orthogonal to Va(2n) is Aiaq(2n), and another 
component of Ai<>(2n) which is orthogonal to Vb(2n+1) 
is Aibq(2n+1). Accordingly, when performing the calcu- 
lation at step 111, the current difference vector Ai<J>(2n) 
can be determined. At step 112, the phase 6<J> of Ai<J>(2n) 
is calculated, of which phase is the very phase of the 
counter electromotive force as has been explained 
above. Since the phase QQ> of the vector Ai$ (2n) corre- 
sponds to q-axis (in negative direction) as shown in Fig. 
9C, the magnetic pole position 6d can be obtained by 
adding n/2 [rad] to this phase 80 of which calculation is 
performed at step 1 1 3. Thus, the magnetic pole position 
can be determined based on the counter electromotive 
force. Further, when the salient pole characteristic of the 
synchronous motor 1 is large, the processings as shown 
in Fig. 8 are performed in view of the salient pole char- 
acteristic of which effect varies depending on the speed, 
thereby, a further accurate magnetic pole position de- 
tection can be realized. In response to the magnetic pole 
position 6d outputted from the in-short circuit current dif- 
ference phase calculation unit 22 the magnetic pole po- 
sition estimation unit 23 feeds back the magnetic poie 
position 9vp which was determined by the processings 
performed until the last time, thereby, a filtering with re- 
spect to noises is performed. In this instance, through 
performing positional compensation with respect to mo- 
tor speed co, varying magnetic pole position during one 
sampling period in which the processings are performed 
is taken into account. The detection use voltage gener- 
ation unit 24 functions to output the detection use ap- 
plied voltage Vp as shown in Figs. 9A and 9B, and de- 
termines Vp according to the magnetic pole position Gvp 
and d-axis voltage command value and q-axis voltage 
command value outputted from the current control unit 
7. There are a variety of methods of determining Vp, 
however, in the present modification the calculation is 
performed so that Vp directs to the direction orthogonal 
to the voltage vector Vs as shown in Figs. 9A through 
9C, which is determined in a consideration that the ab- 
solute values of Va and Vb do not exceedingly increase. 
[0036] Further, the third magnetic pole position detec- 
tion unit 21 is a means for performing the magnetic pole 
position detection with a high accuracy when the motor 
speed co increases. The fundamental principle of the 
present invention is to detect a magnetic pole position 
from variation of current which is in synchronism with 
the carrier waves and since the time interval for the cur- 
rent variation used for the calculation is short (for exam- 
ple, one cycle time of the carrier waves), therefore, it is 
assumed that during the short time interval the variation 
of the magnetic pole position is very small. However, 
when the motor speed increases exceedingly high, it 
sometimes happens that the magnetic pole position var- 
ies more than 10° during the short time interval. There- 
fore, when the motor speed co is such high, the magnetic 
pole position is calculated by detecting the variation of 
the current difference vector due to variation of the po- 
sition (phase) of the counter magnetomotive force with- 



out varying the applied voltage of which method is ef- 
fective when the motor speed co is high, because it is 
unnecessary to increase the applied voltage. 
[0037] The third magnetic pole position detection unit 
5 21 is constituted by an under flux rotation current differ- 
ence phase calculation unit 25, a magnetic pole position 
estimation unit 26 and a detection use voltage genera- 
tion unit 27. The detection use voltage generation unit 
27, in practice, always outputs value 0. The under flux 
10 rotation current difference phase calculation unit 25 de- 
termines a difference between the current difference 
vectors Aia(2n) and Aib(2n+1 ), namely the current dif- 
ference difference vector AAi( 2n), of which calculation 
itself is identical to that performed in the current differ- 
15 ence difference vector phase calculation unit 15. Since 
the detection use voltage Vup, Vvp and Vwp are always 
0, the current difference difference vector AAi(2n) will 
primarily be 0. However, an averaged magnetic pole po- 
sition from time t(2n) to time t(2n+1 ) and an averaged 
20 magnetic pole position from time t(2n+1 ) to time t(2n+2) 
are different, therefore, average counter electromotive 
forces Vemf(2n) and Vemf(2n+1) at the two time inter- 
vals are different. Accordingly, due to a difference be- 
tween Vemf(2n+1) and Vemf(2n), in that counter elec- 
ts tromotive force difference vector AVemf ( 2n) the current 
difference difference vector AAi(2n) can not assume 0, 
but shows a certain amount of vector. Herein, the direc- 
tion of Aemf(2n) is almost orthogonal to the direction of 
q-axis, in that in the direction of d-axis (in negative di- 
30 rection). Accordingly, the direction of AAi(2n) also as- 
sumes the direction of AVemf (2n), in that d-axis direction 
(in negative direction thereof) -6d. Through the calcula- 
tion of the direction of the current difference difference 
vector AAi(2n) in this way, -6d can be obtained. The 
35 magnetic position estimation unit 26 performs a noise 
processing by making use of the magnetic pole position 
0 and -6d obtained by the last processings, and outputs 
a magnetic pole position 6. As has been explained, the 
third magnetic pole position detection unit 21 estimates 
40 the magnetic pole position by making use of the current 
difference vector induced by the rotation of magnetic 
fluxes without varying the applied voltage of which meth- 
od is particularly effective for the detection of the mag- 
netic pole position at the time of high speed rotation of 
45 the synchronous motor. 

[0038] The calculation method change-over unit 18 
estimates a motor speed co based on the magnetic pole 
position 6 (or Ovp) obtained by the magnetic pole posi- 
tion estimation units and performs processing of select- 
50 ing an optimum magnetic pole position estimation meth- 
od in response to the estimated motor speed. 
[0039] With the present embodiment, the magnetic 
pole position can always be detected in a moment with 
a high accuracy over a motor speed range from 0 to its 
55 maximum speed, thereby, a motor control system hav- 
ing a high response and high performance control prop- 
erty can be provided. Further, when a current sensor 
having an accurate current detection and less noise 
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property is used, the magnetic pole position can be es- 
timated in a moment for every one cycle of the carrier 
waves, while eliminating the filtering processing at the 
magnetic pole position estimation units 23 and 26. Fur- 
ther, in the combination of the magnetic pole position 
detection methods to be changed-over, a further mag- 
netic pole position detection method which will be ex- 
plained later can be included. 

[0040] Fig. 10 is still another embodiment showing a 
magnetic pole position detection method in which the 
calculation therefor is simplified. Primary differences of 
Fig. 10 embodiment from 1 and Fig. 5 embodiments are 
that the two current sensors are increased to three, the 
output Vp of the detection use voltage generation unit 
28 is added to the d-axis voltage command, and the 
processing method in the magnetic pole position detec- 
tion unit 12 is simplified. As has been explained in con- 
nection with Fig. 1 embodiment, when the phase cur- 
rents iu and iv are detected, the W phase current iw can 
be determined from iu and iv, therefore, the detection of 
the W phase current iw can be omitted, however, in the 
present embodiment the W phase current iw is likely de- 
tected with a current sensor 5w. The current detection 
unit 10 samples the phase currents iu, iv and iw in re- 
sponse to the current detection pulses Pd and performs 
an offset compensation so as to keep the relationship 
iu+iv+iw=0. Thereby, offset errors in the current sensors 
can be compensated and a highly accurate magnetic 
pole position detection can be realized. 
[0041] Now, the detection use voltage generation unit 
28 representing features of the present embodiment will 
be explained. As has been explained in connection with 
Fig. 5 embodiment, the detection use applied voltage 
Vp is applied in positive and negative direction of an es- 
timated d-axis in synchronism with the carrier waves. 
For this reason, in the detection use voltage generation 
unit 28 a process of adding the detection use applied 
voltage Vp of positive and negative values alternatively 
to the d-axis voltage Vds in response to the current de- 
tection pulses Pd. 

[0042] The magnetic pole position detection unit 1 2 is 
constituted by the current difference calculation unit 14 
and the current difference difference vector phase cal- 
culation unit 15 which have been explained in connec- 
tion with Fig. 5 embodiment. In the current difference 
calculation unit 1 4, the current difference vector Aia(2n) 
during time from t(2n) to t(2n-1) and the current differ- 
ence vector Aib(2n+1) during time from t(2n+1) to t 
(2n+2) are calculated respectively from the three phase 
currents iu, iv and iw, and are outputted to the current 
difference vector phase calculation unit 15. Subse- 
quently, in the current difference difference vector phase 
calculation unit 1 5, the current difference difference vec- 
tor AAi(2n) is determined from a difference between Aib 
(2n+1 ) and Aia(2n), and the phase 8ip(2n) is calculated. 
The phase 8ip(2n) of AAi(2n), as it is, is assumed as the 
magnetic pole position and is outputted to the coordi- 
nate conversion units 8 and 11 and the speed detection 



unit 13 so as to constitute the control system. In con- 
nection with Fig. 6 it has been explained that the phase 
6ip(2n) of the current difference difference vector AAi 
(2n) is closer to the actual d-axis with respect to the es- 

5 timated d-axis direction to which the detection use volt- 
age Vp is applied. Namely, with Fig. 10 embodiment, 
even if the originally set magnetic pole position G is de- 
viated from the actual d-axis, by assuming the phase 
8ip(2n) of the current difference difference vector AAi 

10 (2n) as the magnetic pole position 8, the phase 6ip(2n) 
gradually comes close to the d-axis and finally coincides 
with the d-axis. Once the magnetic pole position 8 coin- 
cides in the controller, the controller can always and con- 
tinuously detect the actual magnetic pole position, 

15 namely the d-axis. 

[0043] With the present embodiment, the magnetic 
pole position detection can be performed through a 
more simplified calculation than the other calculation 
methods, therefore, a motor control system with more 

20 low cost can be provided. Further, such as a noise re- 
moval use low pass filter and the magnetic pole position 
estimation unit 16 can be added to the magnetic pole 
position detection unit 12 in Fig. 10. 
[0044] A further embodiment as shown in Fig. 11 

25 through Fig. 1 3 relates to a method of estimating a mag- 
netic pole position by making use of a counter electro- 
motive force and is different from the embodiment as 
shown in Fig. 7 through Fig. 9. Primary features of Fig. 
11 embodiment is that a voltage gain setting unit 29 is 

30 provided and a different calculation method is used in a 
magnetic pole position estimation unit 30. In the voltage 
gain setting unit 29, a value of voltage gain Kp is either 
increased or decreased in response to the current de- 
tection pulses Pd. For example, during time from t(2n) 

35 to t(2n+1 ) Kp is set larger than 1 and during time from t 
(2n+1) to t(2n+2) Kp is set smaller than 1 . Thereby, d- 
axis voltage command value Vds and q-axis voltage 
command value Vqs respectively either increase or de- 
crease depending on Kp. As shown in Figs. 13A and 

40 13B in vector diagrams, the voltage vector Va(2n) during 
time from t(2n) to t(2n+1) is in-phase with the voltage 
command vector Vs (vector sum of Vds and Vqs) and 
the absolute value thereof is larger than Vs, and the volt- 
age vector Vb(2n+1 ) during time from t(2n+1 ) to t(2n+2) 

45 is in-phase with Vs and the absolute value thereof is 
smaller than Vs. When the value of Kp is, for example, 
set at 1 .1 time and 0.9 time, an average value of Va(2n) 
and Vb(2n+1 ) can be set at Vs. The current difference 
vectors Aia(2n) and Aib(2n+1 ) in such exemplified in- 

50 stance are illustrated in Figs. 13A and 13B. These vec- 
tors are affected not only by the applied voltage vectors 
Va(2n) and Vb(2n+1 ) but also by the counter electromo- 
tive force (-jaxj>). Thus, the phase of the counter electro- 
motive force is detected according to the method as 

55 shown in Fig. 12 flowchart. The magnetic pole position 
detection unit 12 as shown in Fig. 11 is constituted by 
the current difference calculation unit 14 and the mag- 
netic pole position estimation unit 30. As has been ex- 
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plained in connection with Fig. 5 embodiment, the cur- 
rent difference calculation unit 14 calculates the current 
difference vectors Aia(2n) and Aib(2n+1 ), and these val- 
ues are inputted into the magnetic pole position estima- 
tion unit 30 where the calculation according to Fig. 12 
flowchart is performed. At first, by making use of Aia(2n) 
and Aib(2n+1 ) inputted at step 110 the current difference 
difference vector AAi(2n) representing the difference be- 
tween Aia(2n) and Alb( 2n+1) is calculated at step 121 . 
Since AAl(2n) is a difference of current difference, an 
influence of the counter electromotive force can be elim- 
inated, and which represents current difference vector 
determined by {Vb(2n+1 )-Va(2n)} of which vector rela- 
tionship is shown in Fig. 13C. At the subsequent step 
122, AAt( 2n)Vb/(Vb-Va) is calculated to determine the 
current difference vector Aibv(2n+1 ). The current differ- 
ence vector Aibv(2n+1) is a current difference vector 
when Vb(2n+1 ) is applied under no counter electromo- 
tive force. At step 123, a difference between Aib(2n+1) 
and Aibv(2n+1 ) and the counter electromotive force cur- 
rent difference vector Aid are calculated. Aib( 2n+1 ) is a 
current difference vector affected by Vb(2n+1) and the 
counter electromotive force, and Aibv(2n+1) is a current 
difference vector affected only by Vb(2n+1), therefore, 
the difference Aid(J> therebetween is a component affect- 
ed by the counter electromotive force of which vector 
diagram is shown in Fig. 13D. Accordingly, through cal- 
culation of the phase 8$ of the counter electromotive 
force current difference vector Ai<J> at step 1 24 q-axis 
(negative direction thereof) can be determined. At step 
113 in Fig. 12 through adding jc/2 [rad] to the phase 8<J> 
d-axis namely the magnetic pole position 6 is obtained. 
[0045] According to the present embodiment, only 
through the use of the voltage gain in place of the de- 
tection use applied voltage, the magnetic pole position 
detection can be realized as well as through a correct 
drawing of vector diagram of the current different vector 
the phase of the counter electromotive force can be eas- 
ily detected. 

[0046] Fig. 14 is a control block diagram showing a 
further embodiment in which the characteristic of the 
current control system is improved by correctly detect- 
ing the counter electromotive force. The present embod- 
iment is directed to a motor control system including a 
magnetic pole position sensor 50 and is intended to re- 
alize a different object than that for the control systems 
with no magnetic pole sensors as has been explained. 
Therefore, the magnetic pole position 8 detected by the 
magnetic pole position sensor 50 is outputted such as 
to the coordinate conversion units 8 and 11 and to the 
speed detection unit 13 so as to use the motor control. 
Primary differences other than the above performed in 
Fig. 14 embodiment are those in the current control unit 
7 and in a counter electromotive force detection unit 51 . 
In the counter electromotive force detection unit 51 , d- 
axis and q-axis components Vde and Vqe in the counter 
electromotive force are calculated from the three phase 
currents iu, iv and iw and the magnetic pole position 8. 



These values are inputted into the current control unit 7 
and are used for counter electromotive force compen- 
sation in the current control system, thereby, a current 
control characteristic such as at a time of sudden speed 
5 change can be improved. Although it is well known 
through addition of the counter electromotive force com- 
ponents in the calculation for the current control system 
to compensate the counter electromotive force induced 
inside the synchronous motor 1 , however, a method of 
estimating the counter electromotive force by the motor 
speed o> is generally used conventionally, therefore, the 
current frequency varies during speed variation due to 
excess or short compensation. Further, when the load 
includes a mechanical vibration system, the vibration 
may be amplified due to excess compensation. The 
present embodiment resolves these problems, and 
even at a time of sudden speed change the motor cur- 
rent can be controlled precisely along a current com- 
mand value. 

[0047] Details of the above will be explained with ref- 
erence to Figs. 15 and 16. Fig. 15 is a block diagram 
showing processing contents performed in the current 
control unit 7 wherein valid / invalid of the current control 
system is changed over in response to the current de- 
tection pulses Pd. In Fig. 15, a d-axis current control cal- 
culation unit 31 and a q-axis current control calculation 
unit 32 respectively feed back d-axis current and q-axis 
current for d-axis and q-axis current command values 
idr and iqr and perform control calculation so as to as- 
sume their current deviations zero. In d-axis and q-axis 
change-over units 33 and 34, it is changed-over whether 
the calculation result of the d-axis and q-axis current 
control calculation units 31 and 32 is outputted or zero 
is outputted in response to the current detection pulses 
Pd. More specifically, during interval from time t(2n) to 
time t(2n+1) zero is outputted and during interval from 
time t(2n+1) to time t(2n+2) the current control calcula- 
tion result is outputted. In other words, when seen the 
above from a point as a current control system only 1/2 
voltage in average is outputted. Therefore, in this control 
system by doubling the normal gain of the current con- 
trol system an equal current control characteristic can 
be ensured, d-axis and q-axis voltage command values 
Vds and Vqs are respectively obtained by adding d-axis 
and q-axis counter electromotive forces Vde and Vqe 
calculated at a counter electromotive force detection 
unit 51 to the outputs of the d-axis and q-axis change- 
over units 33 and 34. Now, the counter electromotive 
force detection unit 51 as shown in Fig. 16 will be ex- 
plained. The counter electromotive force detection unit 
51 is constituted by an a- ax is current difference detec- 
tion unit 35, a p-axis current difference detection unit 36, 
a coordinate conversion unit 37, a d-axis counter elec- 
tromotive force calculation unit 38 and a q-axis counter 
electromotive force calculation unit 39. The a-axis cur- 
rent difference detection unit 35 and the p-axis current 
difference detection unit 36 are inputted of three phase 
currents iu, iv and iw and output a current difference vee- 
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tor Aia(2n) during i nterval from time t(2n) to time t(2n+1 ) , 
in that an a-axis component Aiaa(2n) and a p-axis com- 
ponent Aiap (2n) in the current difference vector Aia(2n) 
are detected. These current difference values in the 
static coordinate system (oc-p axes system) are convert- 
ed into ones in the d-q axes rotary coordinate system to 
calculate d-axis component Aiad(2n) and q-axis compo- 
nent Aiaq(2n) in the current difference vector Aia(2n). It 
is important to note that Aiad(2n) and Aiaq(2n) are def- 
initely d-axis and q-axis components in the current dif- 
ference vector Aia(2n) when seen from the static coor- 
dinate system. Further, during interval from time t(2n) to 
time t(2n+1 ) the outputs of the d-axis and q-axis change- 
over units 33 and 34 are zero, therefore, only the d-axis 
and q-axis counter electromotive forces Vde and Vqe 
are respectively outputted as the d-axis and q-axis volt- 
age command values Vds and Vqs. For this reason, 
when Vde is larger than the actual d-axis counter elec- 
tromotive force of the synchronous motor 1 , the d-axis 
current difference value Aiad assumes a positive value, 
and contrary, when Vde is smaller than the actual d-axis 
counter electromotive force, Aiad assumes a negative 
value. The same is true with regard to Vqe. Therefore, 
in the d-axis counter electromotive force calculation unit 
38 and the q-axis counter electromotive force calcula- 
tion unit 39, a calculation of the d-axis and q-axis coun- 
ter electromotive forces Vde and Vqe is performed so 
that Aiad and Aiaq respectively assume zero. When both 
Aiad and Aiaq assume zero through this control calcu- 
lation, it is implied that the d-axis and q-axis counter 
electromotive forces Vde and Vqe coincide with the ac- 
tual counter electromotive forces of the synchronous 
motor 1 . These d-axis and q-axis counter electromotive 
forces Vde and Vqe are outputted to the current control 
unit. The above is the control method according to the 
present embodiment. 

[0048] When a counter electromotive force is estimat- 
ed from a motor speed as in a conventional art, there 
occurs excess or shortage between the actual counter 
electromotive force and the estimated one, and which 
has caused to reduce performance of the current control 
system. On the other hand, when the voltage which fully 
coincides with the actual counter electromotive force is 
used as the compensation amount for the counter elec- 
tromotive force as in the present method, a compensa- 
tion for the primary counter electromotive force is fully 
achieved, thereby, the performance of the current con- 
trol is always kept at a high level. 
[0049] Fig, 1 7 is a motor control system block diagram 
representing a further embodiment which improves the 
performance at a moment of motor speed sudden 
change in comparison with that of a conventional current 
control without using a magnetic pole position sensor. 
When comparing Fig. 17 embodiment with Fig. 14 em- 
bodiment, major differences are that the magnetic pole 
position sensor 50 is omitted, the detection of the mag- 
netic pole position e and the counter electromotive force 
is performed at the magnetic pole position detection unit 



12 and the compensation for the counter electromotive 
force is performed by applying to the respective phase 
voltages in the static coordinate system other than the 
current control unit 7. The calculation method performed 

5 in the current control unit 7 in Fig. 17 is shown in block 
diagram in Fig. 18 which is substantially the same as 
with Fig. 1 5 embodiment and substantially the same cal- 
culation is performed therein. Only the difference of Fig. 
17 embodiment from Fig. 15 embodiment is that the 

io counter electromotive forces Vde and Vqe are not add- 
ed, therefore, the detailed explanation of the structure 
is omitted. Fig. 19 shows a block diagram of the mag- 
netic pole position detection unit 12 which performs an 
important process in the present embodiment. At first, 

is in a current difference detection unit 40, respective 
phase current difference values Aiu(2n), Aiv(2n) and iw 
(2n) during interval from time t(2n) to time t(2n+1) are 
calculated in response to timing of the current detection 
pulses Pd. These values contain same information as 

20 in Aiad(2n) and Aiap(2n) as shown in Fig. 16. Even in 
Fig. 1 7 control system the inverter 3 is simply controlled 
by using respective counter electromotive forces Vue, 
Vve and Vwe as the applied voltages during interval 
from time t(2n) to time t(2n+1), therefore, U phase, V 

25 phase and W phase counter electromotive force calcu- 
lation units 41 , 42 and 43 perform calculation so that the 
respective current difference values Aiu(2n), Aiv(2n) 
and Aiw( 2n) assume zero, of which idea is substantially 
the same as that for Fig. 1 4 embodiment. Subsequently, 

30 the phase 6q (negative direction on q-axis) of the coun- 
ter electromotive forces can be calculated based on the 
counter electromotive forces Vue, Vve and Vwe ob- 
tained at the U phase, V phase and W phase counter 
electromotive force calculation units 41, 42 and 43, 

35 which is performed by a magnetic pole position estima- 
tion unit 44 in Fig. 19. Accordingly, with Fig. 17 system 
a control system can be realized which always ensures 
a good current control performance without a magnetic 
pole sensor. In the present embodiment, Fig. 1 7 system 

40 is constituted by a method of using a counter electro- 
motive force, however, a method can be applied which 
permits both to detect the magnetic pole position by 
making use of the salient pole property (the inverted sa- 
lient pole property) and to keep the current control prop- 

45 erty by the counter electromotive force estimation. 
[0050] In the above embodiments, a method of de- 
tecting the magnetic pole position of the synchronous 
motor by making use of only the current sensors has 
been explained. As has been explained, the present in- 

50 vention is applicable to the synchronous motor having 
both a cylindrical type rotor and a rotor having a salient 
pole property. Further, other than the synchronous mo- 
tor, the present invention is also applicable to a reluc- 
tance motor wh ile making use of its salient pole property. 

55 Further, although in order to avoid complex! ng explana- 
tion of the embodiments, an explanation on a calculation 
of the magnetic pole position in view of influences that 
the motor rotor rotates during sampling is omitted, how- 
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ever, such calculation can, of course, be included to the 
present embodiments. Further, in the present embodi- 
ments the method of detecting the magnetic pole posi- 
tion for every one cycle of the carrier waves has been 
explained, however, the detection can be realized in the 
same manner such as with amethod of detecting the 
magnetic pole position by using current variation of one 
cycle in every plurality of cycles of the carrier waves and 
a method of detecting the magnetic pole position based 
on current variation for a unit of a plurality of cycles of 
the carrier waves. The present embodiments can be ap- 
plied to such as an electric car and a hybrid car, besides 
when the present embodiments are applied to a magnet 
motor to which a sensorless control is now effected 
through an inverter control of 120° current conduction 
method, a sensorless system of no torque ripple and low 
noises can be provided through an inverter control of 
1 80° current conduction method. 
[0051] According to the present invention, only with 
current sensors the magnetic pole position can be de- 
tected on-line while performing the usual PWM control, 
thereby, a synchronous motor drive system with low 
noises and excellent torque control property can be pro- 
vided with low cost without using a magnetic pole posi- 
tion sensor measuring a rotating position mechanically. 
[0052] Further, in a case of using a usual magnetic 
pole position sensor a motor control system which al- 
ways ensures a high current control performance by de- 
tecting a counter electromotive force In real time can be 
provided. 



Claims 

1 . A motor control device comprising: an AC motor (1 ); 
an electric power inverter (3) which applies a volt- 
age to the AC motor; and a control unit (4) which 
controls the applied voltage with PWM signals in 
synchronism with carrier waves, characterized in 
that the motor control device further comprises a 
position estimation unit (16) which estimates a po- 
sition on a rotor of the AC motor through detection 
of current in the AC motor in synchronism with the 
carrier waves. 

2. A motor control device comprising: an AC motor (1 ); 
an electric power inverter (3) which applies a volt- 
age to the AC motor; and a control unit (4) which 
controls the applied voltage with PWM signals in 
synchronism with carrier waves, characterized in 
that the motor control device further comprises a 
position estimation unit (16) which estimates a po- 
sition on a rotor of the AC motor through shifting the 
PWM signals within one cycle of the carrier waves 
from current variation amount of the AC motor. 

3. A motor control device comprising: an AC motor (1 ); 
an electric power Inverter (3) which applies a volt- 



age to the AC motor; and a control unit (4) which 
controls the applied voltage with PWM signals in 
synchronism with carrier waves, characterized in 
that the motor control device further comprises a 
5 current variation amount detection unit (14) which 

detects current variation amount of the AC motor 
for every predetermined time in synchronism with 
the carrier waves and a position estimation unit (1 6) 
which estimates a rotor position of the AC motor 
from a relationship between a plurality of the current 
variation amounts and a plurality of the applied volt- 
ages corresponding thereto. 

4. A motor control device comprising: an AC motor (1 ); 
an electric power inverter (3) which applies a volt- 
age to the AC motor; and a control unit (4), which 
controls the applied voltage with PWM signals in 
synchronism with carrier waves, characterized in 
that the motor control device further comprises a 
voltage addition unit (1 7) which adds a detection 
use voltage in a direction of estimated magnetic 
pole position (d-axis) in synchronism with the carrier 
waves, a current variation amount detection unit 
(14) which detects current variation amount of the 
AC motor for every predetermined time in synchro- 
nism with the carrier waves and a position estima- 
tion unit (16) which estimates a rotor position of the 
AC motor from a plurality of the current variation 
amounts. 

5. A motor control device comprising: an AC motor (1 ); 
an electric power inverter (3) which applies a volt- 
age to the AC motor; and a control unit (4) which 
controls the applied voltage with PWM signals, 
characterized in that the motor control device fur- 
ther comprises a position estimation unit (1 6) which 
estimates a position on a rotor of the AC motor by 
applying the applied voltages having different phas- 
es in vector in a plurality of times and by detecting 
counter electromotive forces from the current vari- 
ation amounts of the AC motor for the respective 
voltage applications. 

6. A motor control device comprising: an AC motor (1 ), 
an electric power inverter (3) which applies a volt- 
age to the AC motor; and a control unit (4) which 
controls the applied voltage with PWM signals, 
characterized in that the motor control device fur- 
ther comprises a position estimation unit (1 6) which 
estimates a position on a rotor of the AC motor by 
applying the applied voltages having the same 
phase in vector and different magnitude in a plural- 
ity of times and by detecting counter electromotive 
forces from the current variation amounts of the AC 
motor for the respective voltage applications. 

7. A motor control device comprising: an AC motor (1); 
an electric power inverter (3) which applies a volt- 
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age to the AC motor; and a control unit (4) which 
controls the applied voltage with PWM signals, 
characterized in that the motor control device fur- 
ther comprises a position estimation unit (1 6) which 
estimates a position on a rotor of the AC motor by 
controlling the phases of the applied voltages so 
that the phase difference of the current variation 
amounts of the AC motor with respect to the applied 
voltages assumes either 0° or 180°. 

8. A motor control device comprising: an AC motor (1 ); 
an electric power inverter (3) which applies a volt- 
age to the AC motor; and a control unit (4) which 
controls the applied voltage with PWM signals, 
characterized in that the motor control device fur- 
ther comprises a position estimation unit (1 6) which 
estimates a position on a rotor of the AC motor by 
controlling the applied voltages so that the current 
variation amounts of the AC motor with respect to 
the applied voltages assumes 0. 

9. A motor control device comprising: an AC motor (1 ); 
an electric power inverter (3) which applies a volt- 
age to the AC motor; and a control unit (4) which 
controls the applied voltage with PWM signals, 
characterized in that the motor control device fur- 
ther comprises a current variation control unit (14) 
which controls the voltage so that the current vari- 
ation amounts of the AC motor assumes 0 in a pre- 
determined section. 

10. A motor control device according to claim 9, char- 
acterized in that the current variation control unit 
(1 4) either detects or compensates counter electro- 
motive forces of the AC motor. 

1 1 . A motorcontrol device comprising: an AC motor (1 ); 
an electric power inverter (3) which applies a volt- 
age to the AC motor; and a control unit (4) which 
controls the applied voltage with PWM signals, 
characterized in that the motor control device fur- 
ther comprises a phase shifting means (15) which 
shifts the PWM signals within one cycle of carrier 
waves. 

12. A motor control device according to one of claims 1 
and 2, characterized in that the PWM signals are 
shifted so that the section for detecting current as- 
sumes 0 voltage vector state. 

13. A motor control device according to one of claims 1 
through 3, characterized in that the rotor position Is 
detected by controlling the applied voltages so that 
the phase of the current variation amount difference 
vector with respect to the difference vector of the 
applied voltage coincides. 

14. A motor control device according to one of claims 



1,2,3 and 5, characterized in that the phases of the 
applied voltages are modified which are varied de- 
pending on operating states of the AC motor. 

5 15. A motorcontrol device according to one of claims 1 
through 11 , characterized in that the current in the 
AC motor is detected for every half cycle or for the 
every integer times thereof of the carrier waves 
which are in synchronism with the PWM signals. 

10 

16. A motor control device according to one of claims 1 
through 11 , characterized in that as the current var- 
iation mounts values on a static coordinate system 
are used. 

15 

17. A motor control device according to one of claims 1 
through 11 , characterized in that the AC motor (1) 
is either asynchronous motor or a reluctance motor. 
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